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, 2 Navier-Stokes(NS)




[4, 5, 6] $\dot{6}$ DNS point vortex model
, [7].





$\frac{\partial q}{\partial t}+J(\phi, q)=0$ , $q(\mathrm{r}, t)=(\nabla^{2}-\lambda^{2})\phi(\mathrm{r}, t)$ . (1)
$q(\mathrm{r}, t)$ ,r $=(x, y),$ $J(a, b)=a_{x}b_{y}-a_{y}b_{x}$ . $\phi$
, , $\lambda$ $L$
, . (1) 2 Euler
, $\lambdaarrow 0$ – . $\lambda\neq 0$ ,
$\lambda^{-1}$ , 2 Euler .
CHM , $\lambda$
[10]. , $-$ )$\mathrm{s}$
, ,
, $\lceil_{\mathrm{V}\circ \mathrm{r}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{a}1\mathrm{u}\mathrm{a}}\mathrm{q}\mathrm{s}\mathrm{i}_{\mathrm{C}\mathrm{r}}\mathrm{y}\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{i}\mathrm{z}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}\rfloor$ $[11, 12]$ .
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2
CHM ,
(1) $D=-\nu\nabla^{4}(\nabla^{2}\phi)$ , [15]
. $L=2\pi$ $\lambda=40$ , $\nu=3.0\cross 10^{-8}$ .





. [10] , $k_{0}$




$E– \frac{1}{L^{2}}\int_{0}^{L}\int_{0}^{L}\frac{1}{2}[(\nabla\phi)^{2}+\lambda 2\emptyset^{2}]d_{X}dy$, (3)
0.5 .
$q(\mathrm{r}, t)$ Fig 1 . $(a)t=10,$ $(b)t=100$
. ,
. , , .
,
. ,





$S(k, t)= \langle|\int q(\mathrm{r}, t)\mathrm{e}^{-}di\mathrm{k}\cdot \mathrm{r}\mathrm{r}|^{2}\rangle$ (4)
. $<\cdots>$ .
, $\overline{k}(t)$ , $\overline{k}(t)$
, $l=2\pi/\overline{k}(t)$
. $l$ t ,
. $\overline{k}(t)$ :
$\overline{k}(t)=\frac{\sum_{k--0}^{\lambda}ks_{()}k,t}{\sum_{k=0}^{\lambda}S(k,t)}$ . (5)
$k<<\lambda$ , (5) $\lambda$ .
$S_{\max}(t)$ $S_{\max}(t)$ . $N$
, $l$ ( $\overline{k}(t)$ ) ( ) .
11
Fig 2 $\overline{k}(t)$ $s_{maae}(t)$ . $\overline{k}(t)$
. . - $S_{\max}(t)$
. .
. $(t),$ $S_{\max}(t)$ $t$
’
, $\overline{k}(t)\sim t^{-0.2},$ $S_{\max}$
.
$(t)\sim t^{0.4}$ .
, $\overline{k}(t)$ $S_{\max}(t)$ ,
. $\lambda\gg k$ , CHM ,
$\epsilon\sim E/t\sim\lambda^{6}k^{-8}t^{-\epsilon}$ (6)
. Reynolds , $E$
, $E\sim t^{0}$ . $t$ eddy $k_{t}$
$k_{t}\sim E^{-1/83}\lambda/4t-1/4$ (7)
.
$E\sim t^{0}$ , $\lambda>>k$ , $S(k, t)\sim E\lambda^{2}k^{-2}$
. $\overline{k}(t)\sim k_{t}$ , $S_{\max}(t)\approx S(\overline{k}(t), t)$ ,
$S_{\max}(t)\sim E5/4\lambda 1/2t/12$ (8)
. $\overline{k}(t)\sim t-1/4,$ $S_{\max}(t)\sim t1/2$ Fig 2 - .
$S(k, t)$ , $S(k, t)/S_{\max}(t)$
$k/\overline{k}(t)$
(
(Fig 3). , $q$
.
:
$\frac{S(k,t)}{S_{\max}(t)}=G(\frac{k}{\overline{k}(t)})$ , $G(x)\sim x^{-}\gamma(x>1)$ , $x^{\delta}(x<1)$ . (9)











$Q=( \frac{\partial^{2}\phi}{\partial x\partial y})^{2}-(\frac{\partial^{2}\phi}{\partial x^{2}})(\frac{\partial^{2}\phi}{\partial y^{2}})$, (10)
, $\langle|q|\rangle$
. , $Q$ Lagrange
$[2, 6]$ ,
12





, $\lambda>>k$ , CHM – .
$-$
. 2 $\mathrm{N}\mathrm{S}$ , 2
$v^{2}/2$ $-(\phi\omega)/2$ ,
,
, [6]. 2 $\mathrm{N}\mathrm{S}$ $(\phi q)/2$
. Fig 6
, 2 $-(\phi q)/2$
$[(\nabla\phi)^{2}+\lambda^{2}\phi^{2}]/2$ $S_{\text{ }oh}$ ,
$E_{1}= \frac{1}{L^{2}}\int_{S_{\mathrm{c}\circ b}}-\frac{1}{2}\phi qd\mathrm{r}=\frac{1}{L^{2}}\int_{S}c\circ b^{-}\frac{1}{2}\phi(\nabla^{2}\emptyset-\lambda 2\phi)d\mathrm{r}$ , (11)
$E_{2}= \frac{1}{L^{2}}\int_{S_{\mathrm{C}\circ h}}\frac{1}{2}[(\nabla\emptyset)2\lambda 2+\phi^{2}]d\mathrm{r}$ , (12)
$E$ . $E_{1}$ $E_{2}$
$E$ – , . , $E_{1}$
$E_{2}$ $(\nabla\phi)^{2}/2$ $-\phi(\nabla^{2}\phi)/2$ . $\lambda>>k$
, $\lambda^{2}\phi^{2}/2$ ,
$E_{1}$ $E_{2}$ . Fig 6 $E_{1}$ $E_{2}$
, –
. $E$ $E_{1}$ , $E_{1}$
. $(\nabla\phi)^{2}/2$ $-\phi(\nabla^{2}\phi)/2$
.
Fig 7 $(\nabla^{2}\phi)q/2$ ,
$U_{1}= \frac{1}{L^{2}}\int_{S_{\mathrm{c}\mathrm{o}b}}\frac{1}{2}(\nabla^{2}\phi)qd\mathrm{r}=\frac{1}{L^{2}}\int_{S_{c\mathrm{o}h}}\frac{1}{2}(\nabla^{22}\phi)(\nabla\emptyset-\lambda^{2}\phi)d\mathrm{r}$, (13)
$[(\nabla^{2}\emptyset)^{2}+\lambda^{2}(\nabla\phi)^{2}]/2$ ,
$U_{2}= \frac{1}{L^{2}}\int_{S_{\mathrm{c}}\prime}$.$\frac{1}{2}[(\nabla 2\phi)2\lambda^{2}+(\nabla\phi)2]\mathrm{O}d\mathrm{r}$ , (14)
$-U$ . $U_{1}$ $U_{2}$
$U$ – . $U_{1}$ $U$ , $U$
, $U_{1}\sim t^{-0.5}$ . $U_{2}$ $U$ $U_{1}$
, $U$ $U_{1}$ , $U_{2}\sim t^{-0.7}$ . $U_{1}$
$U_{2}$ $(\lambda^{2}\phi\nabla^{2}\emptyset)/2$ $[\lambda^{2}(\nabla\phi)^{2}]/2$
$\lambda>>k$ . $\lambda$ , $E_{1}$
$E_{2}$ – . $U_{1}$ $U_{2}$ , $\text{ }$
$-$ $U_{1}$ $U$
, $U_{1}$ . $E_{1}$




, , 2 $\mathrm{N}\mathrm{S}$





$\lambda>>k$ , $q$ $q=\nabla^{2}\phi-\lambda^{2}\phi\approx-\lambda^{2}\phi$
, $E_{1}$ $U_{1}$ $N$ , $r_{a}$ , $q$ q
:
1 $\gamma$ $1_{-}$ . $.\eta$ - $—$ . $\cap$ $\cap$
$E_{1} \approx\frac{1}{L^{2}}\int_{S_{coh}}\frac{1}{2}\lambda^{2}\emptyset^{2}d\mathrm{r}\sim N\lambda^{-2}q$
$2_{r_{\text{ }}}2$ , (15)




, Fig 5 .
$N(t)\sim t^{-}\chi$ (18)
, (15), (16), (18)
$r$ $(t)\sim t^{\chi/2}$ , $U_{1}(t)\sim t^{-}\chi$ , $l$ $(t) \sim\frac{1}{\sqrt{N(t)}}\sim t^{\chi/2}$ , (19)
. l . , $\chi$
.
3 $q$ DNS ,
$\overline{k}(t)\sim E^{-1/8}\lambda^{3}/4t-1/4$ - . $\overline{k}(t)$ ,
l . $l_{a}$




$N(t)\sim t-1/2$ , $r_{a}(t)\sim t^{1/4}$ , $U_{1}(t)\sim t^{-1/2}$ , (22)
. $U_{1}(t)$ . Fig 7 $U_{1}(t)\sim t-1/2$
, - .









2 $\mathrm{N}\mathrm{S}$ , 2
point vortex model






$=-_{\overline{\partial_{X}^{-}}}\vee- i$ ( )
$H=- \frac{1}{4\pi}\sum_{i\neq j}\Gamma_{ij\mathrm{g}}\mathrm{r}\mathrm{l}\mathrm{o}(|\mathrm{r}i-\mathrm{r}_{j}|)$ (24)
[2], modffied point vortex model
[5]. - , CHM point potential vortex model
$[16, 17]$ , . , (23) $H$
$H= \frac{1}{4\pi}\sum_{i\neq j}\Gamma_{i}\mathrm{r}_{j}K\mathrm{o}(\lambda|\mathrm{r}i-\mathrm{r}j|)$ (25)




$u$ $\sim\frac{H}{\Gamma_{\text{ }}l}$ (26)
. 2 $\mathrm{N}\mathrm{S}$ $H\sim Nr\text{ }\omega_{\text{ }}42$ \mbox{\boldmath $\omega$}
. $l$ $\sim t^{\xi/2},$ $\Gamma_{a}\sim t^{\xi/}2,$ (26) $u$ $\sim t^{-\xi}$ , ,
$u_{a}\sim dl_{\text{ }}/dt$ \iota $\xi=2/3$ [7]. CHM
$E_{1}$ CHM $H$ , (15) $H\sim Nr_{a}\lambda^{-}22qa2$




















2) , 2 $\mathrm{N}\mathrm{S}$
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